Malignant fibrous histiocytoma (MFH) and malignant histiocytosis (MH) are neoplasms with different histologic appearances and consequently a different putative cell of origin. Recently, the biopsy and necropsy services at the University of Pennsylvania have seen many canine soft tissue sarcomas that have the gross and histologic appearances of both MH and MFH within the same animal. A retrospective histologic evaluation of 263 cases diagnosed originally as either MH or MFH reclassified these neoplasms into 77 cases that were exclusively MH, 1 10 cases exclusively MFH, and 76 cases with features of both MH and MFH. Age, sex, breed predispositions, and distribution of lesions in organs were remarkably similar between the two categories. The hybrid neoplasms containing MH-like and MFH-like regions may be the result of divergent or convergent phenotypic differentiation.
Malignant fibrous histiocytoma (MFH) and malignant histiocytosis (MH) are both highly aggressive soft-tissue sarcomas that have been reported in a variety of species, including MFH was first introduced as a diagnostic entity in human pathology during the early 1960s and has since been the focus of considerable controversy regarding histogenesis and differential d i a g n o~i s .~, '~ Some regard MFH not as a single entity but as a "grab-bag'' diagnosis that includes pleomorphic forms of several soft-tissue sarcomas, including leiomyosarcoma, rhabdomyosarcoma, and lipo-~a r c o m a .~~~~ Although some consider MFH to be a specific entity, the cell of origin has not been determined but is probably an undifferentiated mesenchymal cell.9 MH appears to be better defined as a neoplasm of histiocytic origin, which has been described in dogs and in h~m a n s .~.~J~ Over the past few years, a number of neoplasms in dogs diagnosed as either MH or MFH by our necropsy and biopsy service contained features of both neoplasms, either within the same organ or in different organs from the same animal. The necropsy and biopsy files were searched for a diagnosis ofcanine MH or MFH (for the biopsy service, October 1986-December 1993; for the necropsy service, January 1985-December 1993), and the glass slides were reviewed. A total of 263 neoplasms were evaluated, 220 from the biopsy service and 43 from the necropsy service. For all neoplasms, tissues had been fixed in 10% buffered formalin, routinely processed, and embedded in paraffin. Sections of approximately 5 km were cut from each block and stained with hematoxylin and eosin (HE).
Slides from each neoplasms were examined histologically and divided into three categories: those with MFH exclusively ( Fig. I) , those with MH ( Fig. 2 ) exclusively, and those with histologic features of both MH and MFH (Figs. [3] [4] [5] [6] .
The criteria used to diagnose MFH were based on a classification scheme used in humans,2 which was recently applied to canine cases of MFH.5 Almost all canine cases of MFH fell into the pleomorphic or inflammatory types, with rare exceptions. The most common morphologic type has a background of pleomorphic spindle-shaped cells either haphazardly organized or arranged in a storiform pattern of vanable density. Scattered through the tissue are large neoplastic histiocytic cells (which are often quite bizzare in appearance), sometimes multinucleated cells, and a diffuse infiltrate of any inflammatory cell type (which may vary in intensity from absent to marked). Occasional mild variations from this theme were acceptable, although marked divergence from this basic pattern resulted in exclusion from the study (although many of the excluded neoplasms may be diagnosed as MFH by other criteria).
Criteria used to diagnose MH were relatively simple, with the classical appearance of large round individualized "histiocytic" cells with abundant cytoplasm that often exhibit evidence of phagocyto~is.~,~ Multinucleated cells are commonly seen in cases of MH.
Criteria used for the hybrid neoplasm MH/MFH were the presence of neoplastic tissue that exactly fits the morphologic criteria for both MH and MFH in different areas of the same neoplastic mass or in different organs of the same animal with multiple foci of neoplastic growth.
There were 77 neoplasms with features ofMH exclusively, 1 10 with features of MFH, and 76 with features of both MH and MFH (MH/MFH). There was a slight preponderance of males among dogs with MH (60% male, 40% female) and MH/MFH (59% male, 41% female) and an even sex distribution for animals with MFH ( 5 1% male, 49% female). Most animals were middle aged to old (ages 1.5-17.5 years). Mean The breed distribution for dogs with MH, MFH, and MH/ MFH (combined cases from the necropsy and biopsy service) is shown in Table 1 . The majority of neoplasms occurred in relatively few breeds. Among pure-breed dogs, Golden Retrievers, Bernese Mountain Dogs, and Rotweillers were greatly overrepresented. Approximately 40% of neoplasms occurred in a wide variety of breeds, in which there were less than three neoplasms for each breed.
The organ distribution of neoplastic foci for each of the neoplasms from the necropsy service is shown in Table 2 . The distribution of lesions in tissues from the biopsy service is not included because of bias associated with tissue collection. Each of the neoplasms from the necropsy service was subjected to complete prosection and subsequent histology so an accurate distribution of lesions for each neoplasm could be determined. The distribution of lesions in animals with MH, MFH, and MH/MFH is remarkably similar. The organs most affected by all three neoplasms were lung and lymph nodes followed by liver and spleen, with fewer lesions in kidneys, skin, and soft tissues. A variety of other organ systems had a few lesions. Identification of neoplasms is principally achieved using histomorphologic characteristics at the light microscopic level and is supported to a variable degree by ultrastructural analysis and immunohistochemistry. On this basis, classical MH is a relatively simple diagnosis with an exclusive population of large, round to polygonal, occasionally multinucleated cells that phagocytose debris, express a variety of markers that characterize cells of macrophage/monocyte lineage, contain abundant numbers of phagolysosomes, and do not produce tight intercellular junction^.^,^ In contrast, there are five accepted morphologic variants of MFH. t Calculated from the incidence of the neoplasm in a particular organ divided by the total number of organs with the neoplasm. These incidences were determined from a total of 13 dogs with MH, 10 with MFH, and 20 with MH/MFH. MFH is characterized by a range ofcellular phenotypes within the same neoplasm that vary from histiocytic to fibroblastic, with variable numbers of nonneoplastic inflammatory cells to confuse the issue f~r t h e r . *~~~* J~~~ Our study broadens the range of this dilemma to demonstrate a large population of canine neoplasms with the accepted morphologic features of both MH and MFH. In addition, there are remarkable similarities in the breed predisposition and organ distribution of lesions for canine MH, MFH, and the hybrid neoplasm MH/MFH.
The diagnosis of MFH has always been controversial in the human literature, with some workers suggesting that this entity is simply a collection of undifferentiated neoplasms of c Fig. 1 . Spleen; Golden Retriever (dog No. 1). Classical MFH. There is a prominent stonform pattern with a mixture of pleomorphic spindle-shaped cells, histiocytic cells, and scattered inflammatory cells. HE. Bar = 50 pm. different cellular origin with a similar morphologic pheno-t~p e . 3 , '~ Early investigation polarized investigators into those who believed that this neoplasm was derived either from cells of macrophage/monocytic origin or from a primitive fibroblastic/myofibroblastic lineage.3,6,9 Studies using immunohistochemistry or ultrastructural morphology have not provided any definitive resolution to this p r~b l e m . ' .~.~.~
The presence of large numbers of canine neoplasms with the phenotypic appearance of both MH and MFH leads to two reasonable conclusions. One hypothesis is that these neoplasms derive from the same undifferentiated precursor that differentiates towards MH or MFH, with many of the neoplasms expressing overlapping phenotypes. Alternatively, MH and MFH are derived from different cell types, and at least one of these can differentiate toward the phenotype of the other. Both of these possibilities have been proposed in the ongoing controversy about the origin of MFH in humans.3.6a9J2 Such questions are likely to be extremely difficult to resolve experimentally but will certainly provide abundant ammunition for further debate about soft-tissue neoplasm histogenesis in humans and domestic animals.
